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2 – Normal Mode




$y$ , z , ,
, , , $h,$ $\rho,$ $v$ , \mbox{\boldmath $\phi$} . ,
1, 2 , ,





, , , ,
, Bernoulli $p,$ $g,$ $\Omega=g\cdot r,$ $\tau ij,$ $\Phi\equiv\rho(\frac{\partial\phi}{\partial t}+\frac{v^{2}}{2}-\Omega)$
,
$\frac{\partial(\Phi+p)}{\partial x_{i}}-\frac{\partial T_{ij}}{\partial x_{j}}=0$ (2)
, $\frac{\partial T_{ij}}{\partial x_{j}}=0$ $[5, 6]$ , \Phi +p $=$
const. . , ,
226
,. , \mu .
$[$ . . . $]$ , $[T_{\mathrm{n}\mathrm{n}}]$




\eta , \mbox{\boldmath $\zeta$} , $(z=\eta+h_{2})$ . $(z=\zeta)$ .
$(z=-h_{1})$
$z=\eta+h_{2}:\eta_{t}=(\phi_{2})z+(\nabla\phi_{2})\cdot(\nabla\eta),$ $(p_{\mathrm{t}})_{\mathrm{S}^{=[]_{\mathrm{s}}}}\tau \mathrm{n}\mathrm{n}+[\Phi]_{\mathrm{s}}$ –const.,









$\phi_{1,2}(y, z, t)=\sum_{k}e^{iky}[A1k,2k(t)\cosh kz+B_{1k,2k}(t)\sinh k_{Z}]$ ,
$[T_{\mathrm{n}\mathrm{n}}] \mathrm{s},\mathrm{i}(y, t)=\sum_{k}e^{iky}T_{\mathrm{s}}k,\mathrm{i}k(t)$
.
\mbox{\boldmath $\phi$}1,2 Laplace (1) ,
. $[\mathrm{T}_{\mathrm{n}\mathrm{n}}]_{\mathrm{s},\mathrm{i}}$ , $\eta,$ $\zeta$ .
$\eta_{k},$







. $t_{1,2}\equiv\rho 1,\mathit{2}/(k\tanh kh1,\mathit{2}),$ $\triangle\equiv\rho 2/(k\sinh kh_{\mathit{2}})$ .
\Omega s $=-g(t)(\eta+h_{\mathit{2}}),$ $\Omega_{\mathrm{i}}=-g(t)\zeta$ ,
$(p_{\mathrm{t}})_{\mathrm{s}}=-\gamma_{\mathrm{S}}(\partial^{\mathit{2}}\eta/\partial y^{2}),$ $(p_{\mathrm{t}})_{\mathrm{i}}=-\gamma_{\mathrm{i}}(\partial^{2}\zeta/\partial y^{\mathit{2}})$ ,
$g_{\mathrm{S}}\equiv\rho \mathit{2}g(t)+k^{2}\gamma_{\mathrm{s}},$ $g_{\mathrm{i}}\equiv(\rho_{1}-\rho 2)g(t)+k^{2}\gamma_{\mathrm{i}}$ .
, . , $B,$ $H,$ $M$
, , . , Amp\’ere $\nabla\cross H=$
$0$ , $\nabla\cdot B=0$ ,
$[B_{\mathrm{n}}]=0,$ $[H_{\mathrm{t}}]=0$ .
$B=B_{0}+b,$ $H=H_{0}+h$ $\eta,$ $\zeta$




$\eta’[B]_{\mathrm{s}}=[\mu\frac{\partial\psi}{\partial z}]_{\mathrm{s}},$ $\zeta’‘[B]_{\mathrm{i}}=[\mu\frac{\partial\psi}{\partial z}]_{\mathrm{i}},$ $0=[ \mu\frac{\partial\psi}{\partial z}]_{\mathrm{b}}$ ,
$\eta’[H]_{\mathrm{s}}=[\frac{\partial\psi}{\partial y}]_{\mathrm{s}}$ , $\zeta’[H]_{\mathrm{i}}=[\frac{\partial\psi}{\partial y}]_{\mathrm{i}}$ , $0=[ \frac{\partial\psi}{\partial y}]_{\mathrm{b}}$
(8)
$(\eta’\equiv\partial\eta/\partial y, \zeta’\equiv\partial\zeta/\partial y)$ . $B_{\mathrm{n}},$ $H_{\mathrm{t}}$
, $B_{\mathrm{t}}$ $H_{\mathrm{n}}$
, $[B|\equiv[B_{0y}|=[\mu|H0_{y}, [H|\equiv\mu 0[H0_{z}1=[\mu 0/\mu]B_{0z}$
$(B_{0}=(B_{0y}, B_{0_{z}}),$ $H_{0}=(H_{0y}, H0z),$ $\mu 0$ ).
Laplace (7)




. $a_{4,\mathit{2},1,3}^{*},$ $b_{4,2,1,3}^{*}$ (8) $a_{4}^{*}=b_{3}^{*\mathrm{o}}=$
. \eta k, $\zeta_{k}$ .
, $B,$ $H,$ $M$ ,
, $B_{\mathrm{n}},$ $H_{\mathrm{n}}$ $B_{\mathrm{t}},$ $H_{\mathrm{t}}$
$[T_{\mathrm{n}\mathrm{n}}]= \frac{1}{2}[B\mathrm{n}H\mathrm{n}-B\mathrm{t}H\mathrm{t}]$ . , \mu
$B=\mu H$ .
$b,$ $h$
$[ \tau_{\mathrm{n}\mathrm{n}}]_{\mathrm{S}}[\tau \mathrm{n}\mathrm{n}]\mathrm{i}((y,t)y, t)==[H]_{\mathrm{S}}\mu_{0}(\frac{\partial\psi_{4}}{\partial\psi_{\mathit{2}},\partial z\partial_{Z}}[H]\mathrm{i}\mu \mathit{2}(\frac)_{\mathrm{i}}^{\mathrm{S}}-[B]\mathrm{i})-[B]\mathrm{s}((\frac \mathrm{I}_{:}^{\mathrm{s}}\frac{\partial\psi_{2}}{\partial ff_{1},\partial y\partial}\mathrm{I}$
,
(10)
. ( (5)) (9) ,
$\{$
$T_{\mathrm{s}k}=$ $c_{1\eta_{k}+}(c_{3}\pm iG_{4})\zeta_{k}$ ,
$T_{\mathrm{i}k}=(G_{3}\mp iG4)\eta_{k}+$ $G_{\mathit{2}}\zeta_{k}$
(11)
$T_{\mathrm{s}k,\mathrm{i}k}$ \eta k, $\zeta_{k}$
$-\triangle t_{2}$ $t_{1}+t_{\mathit{2}}-\triangle)+=0$ (12)
. – normal mode .
$G_{1,2,3,4}$ ( ) $\text{ },$ $k$ 0.1
$[H]_{\mathrm{s}}^{\mathit{2}}$ $-[B]_{\mathrm{s}}^{2},$ $[H]_{\mathrm{i}}^{2}$ $-[B]_{\mathrm{i}}^{2},$ $[H]_{\mathrm{i}}[H]_{\mathrm{s}}$ $-[B]_{\mathrm{i}}[B]s$
’
$[H]_{\mathrm{i}}[H]_{\mathrm{s}}$ [B]i[B]s , k/\mu 0 . ,
$G_{2} \equiv\frac{k}{\mu_{0}}(\alpha(k)[H]_{\mathrm{i}}^{2}-\beta(k)[B]_{\mathrm{i}}^{2})$ , $\alpha(k),$ $\beta(k)\sim O(\mathrm{o}.1)$ . (13)
$\rho_{2}arrow 0,$ $\mu_{2}arrow\mu_{0}$ , $h_{2}arrow\infty$ , (12) 2 \Delta ,













$[T_{\mathrm{n}\mathrm{n}}]_{s}(y, t)=[H]_{s} \mu 0(\frac{\partial\psi_{4}}{\partial z})_{\mathrm{S}^{-[}}B]_{\mathrm{S}}(\frac{\partial\psi_{\mathit{2}}}{\partial y})_{\mathrm{s}}+\frac{\partial[T_{\mathrm{n}\mathrm{n}}]_{\mathrm{s}}}{\partial z}\eta$,




$\frac{\partial[T_{\mathrm{n}\mathrm{n}}]}{\partial z}=\frac{1}{2}([\frac{1}{\mu}]\frac{\partial B_{\mathrm{n}}^{2}}{\partial z}-[\mu]\frac{\partial H_{\mathrm{t}}^{2}}{\partial z}\mathrm{I}$ (16)
. , (11), (12) $G_{1}+ \frac{\partial[T_{\mathrm{n}\mathrm{n}}]_{s}}{\partial z}$ , $G_{2}+ \frac{\partial[T_{\mathrm{n}\mathrm{n}}]_{\mathrm{i}}}{\partial z}$
$G_{1},$ $G_{\mathit{2}}$ ,
.




$H_{\mathrm{t}}$ , \mbox{\boldmath $\omega$}
230
, . $B_{\mathrm{n}},$ $H_{\mathrm{t}}$
, .
, , $[1/\mu 1^{\partial B_{\mathrm{n}}}2/\partial z<0$ ,




. , z y
, ( $\Omega$ ) , $H=$
$H_{0}(y, z)+H1(y, Z)\cos\Omega t$ .
normal mode (12) A\"u $+\mathrm{B}u=0$ , $\mathrm{B}=$
$\mathrm{B}_{00}+(\mathrm{B}_{10}+\mathrm{B}_{01})\cos\Omega t+\mathrm{B}_{\mathrm{l}1}\cos^{2}\Omega t$ .
, , $\mathrm{B}\mathrm{l}0=\mathrm{B}01=0$ .
\Omega t $t$ , $\mathrm{C}\equiv \mathrm{A}^{-1}(\mathrm{B}_{00}+\frac{1}{2}\mathrm{B}_{11})$
X , normal mode coupled Mathieu [3].
$\ddot{v}+(\mathrm{p}-2\mathrm{q}\cos 2t)v=0$ ,
$\mathrm{p}---\frac{1}{\Omega^{2}}\mathrm{X}\mathrm{C}\mathrm{x}^{-1}=\frac{1}{\Omega^{2}}=.$ , (17)
$\mathrm{q}\equiv-\frac{1}{4\Omega^{2}}\mathrm{X}\mathrm{A}^{-}1\mathrm{B}_{1}1\mathrm{X}^{-1}$ , $v\equiv \mathrm{X}u$ .
, $\mathrm{q}$ $\langle$ , \mbox{\boldmath $\omega$}s’
$\omega_{\mathrm{i}}$ , , $\mathrm{q}$





(8) $[H]_{\mathrm{s},\mathrm{i}}$ , [B]s,i $y$ ,
$[T_{\mathrm{n}\mathrm{n}}]_{\mathrm{s}},\mathrm{i}(y, t)$ $T_{\mathrm{s}k,\mathrm{i}k}(t)$ , (11) – $\eta_{k},$ $\zeta_{k}$
,
$\{$
$T_{\mathrm{s}k}= \int \mathrm{d}k’[ G_{1}\eta_{k+k}’+(G_{3}\pm iG4)\zeta k+k’]$ ,
$T_{\mathrm{i}k}= \int \mathrm{d}k’[(G3\mp ic4)\eta_{k+}k^{\prime+}$ $G_{2}\zeta_{k+k^{\prime]}}$
(18)
, 2 G1,2,3,4
. , normal mode .
$\mathrm{A}_{k}\ddot{u}_{k}+\int \mathrm{d}k’\mathrm{B}_{k,k^{Ju\prime}}k+k=0$. (19)
, y $2\pi/k$
, normal mode (12) coupled Mathieu
(17) $[H]=[1/\overline{\mu}]B_{\mathrm{n}},$ $[B]=[\overline{\mu}]\mu 0H_{\mathrm{t}}$ , $B_{\mathrm{n}}=B_{0\mathrm{n}}(y, z)+$
$B_{\ln}(y, z)\cos\Omega t,$ $H_{\mathrm{t}}=H0\iota(y, z)+H_{1\mathrm{t}}(y, z)\cos\Omega t$ , $B_{\mathrm{n}},$ $H$ t y
. , coupled Mathieu




$k,$ $\rho_{1,2},$ $h_{1,2},$ $\gamma_{\mathrm{s},\mathrm{i}},$ $g$ ,
$\mu_{1,2}$ , \mbox{\boldmath $\omega$}i 1.
:





$\mu_{1}$ 14 $\mu 0$




















: ( , $\mathrm{N}\mathrm{P}$ :1.49
$(H_{1\mathrm{t}})_{\mathrm{i}}$
$\cross 10^{4}\mathrm{A}\cdot \mathrm{m}^{-1}$ ) ( , $\mathrm{N}\mathrm{V}$ :
0.00 $\epsilon^{J}\backslash \Re$ ‘\Psi I\iota , $\mathrm{N}\mathrm{P}$ : )
$\text{ }\mathrm{f}\mathrm{f}\mathrm{i}\Re\Re \mathrm{f}\mathrm{f}\mathrm{i}\ovalbox{\tt\small REJECT}$
, 2 .
, , \mbox{\boldmath $\omega$}i . ,
, . , $n$
$B_{\mathrm{n}}^{i},$ $H_{\mathrm{t}}^{i}(i=1, \cdots, n)$ ,
$B0_{\mathrm{n}}= \frac{1}{n}\sum nB_{\mathrm{n}}^{i}$ ,
$i=1n$ (20)
$H_{0\mathrm{t}}= \frac{1}{n}\sum_{1i=}H_{\mathrm{t}}^{i}$ ,
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